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ABSTRACT 
 
Global aging will be a major determinant of long run economic development in industrial and developing 
countries. The extent of the demographic changes is dramatic and will deeply affect future labor, financial 
and goods markets. The expected strain on public budgets and especially social security has already re-
ceived prominent attention, but the aging poses many other economic challenges that threaten productivity 
and growth if they remain unaddressed. 
While aging is global, there are marked differences in the speed and the extent of the aging processes 
across countries. These differences are likely to generate different growth paths and change the interna-
tional pecking order, e.g. within the G8 countries. Due to the globalization of labor, financial and goods 
markets, however, these differential demographic developments will also precipitate trade and factor 
movements. Exploiting these movements offers large chances during the aging process. 
Purpose of this paper is to review the most important economic chances and challenges due to global ag-
ing. It summarizes what we know and identifies research areas where it is important to know more. 
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GLOBAL AGING: ISSUES, ANSWERS, MORE QUESTIONS 
by Axel H. Börsch-Supan 
 
1. Introduction 
The expected change in the age structure in virtually all industrialized countries – but also in many devel-
oping countries – is dramatic and will lead to a substantially higher proportion of older people in the 
world. The aging process deeply affects future labor, financial and commodity markets. On a macroeco-
nomic level, labor is becoming relatively scarce in the aging countries while capital becomes relatively 
more abundant. This precipitates changes in the relative price of labor, will lead to higher capital inten-
sity, and might generate large international flows of labor, capital and goods from the faster to the slower 
aging countries. On a microeconomic level, the age composition of the labor force will change which 
might affect labor productivity. Consumption and savings patterns are likely to alter when the elderly 
become a larger proportion of consumers and savers, with widespread implications for capital and 
goods markets. 
While aging is global, there are marked international differences in the speed and the extent of the aging 
processes. Even within the industrialized countries, differences are large. Europe and Japan have already 
a much older population than North-America. Italy and Germany are aging faster than France and Great 
Britain. In Asia, some countries start from a relatively young population, but aging is very quick. A par-
ticular dramatic example is China. Due to the globalization of our economies, no study of aging can dis-
regard these differential changes. International flows of capital, goods and services, and labor – in de-
scending order of mobility – will be important mechanisms moderating the effects of population aging in 
each individual country. 
A central question for economists and politicians alike is how demographic change will affect the wealth 
of nations. Which countries will gain, which countries will loose in the international pecking order?  
Equally important is the question how these gains and losses can be influenced by public policy. With 
these two core questions in mind, this paper reviews the most important economic challenges and 
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chances due to global aging, summarizes what we know, and identifies research areas where it is impor-
tant to know more. 
One way to think about the effects of aging on the wealth of nations is to start from the fundamental 
components that determine a nation’s output and income. Let national output Y (GDP) of a country with 
N inhabitants be 
Y = A × F(L, K). 
From a macroeconomic point of view, the main effect of aging is to reduce the relative size of the labor 
force L as a share of total population N. In some countries, the labor force L will even decline in abso-
lute size. Unless this is compensated by an increase in total factor productivity A and/or an increase in 
the capital stock K, their national output will decline. Since L is changing quite differently across coun-
tries, the growth of Y will reflect these differences. Hence, the current list of G8 countries might look 
quite different in one or two generations from now. 
Absolute size may not be the most relevant yardstick. Smaller countries, however, do not need to be 
unhappier or poorer countries. From a more individualistic point of view, per capital output is 
Y/N = A × G(L/N, K/L). 
Per capita output Y/N may stay constant or even increase, in spite of a shrinking population N (and a 
decreasing total output Y along with it) if labor force participation L/N and capital intensity K/L  increase. 
This is one source of chances from the aging process. 
Finally, not all income needs to come from domestic production. In addition to wages and capital income 
from domestic production, equivalent to Y, foreign direct investment may create capital income from 
foreign production. GNP may become substantially larger than GDP if foreign direct investment creates 
large returns. Here are major chances during the global aging process. 
This paper is structured according to these sources of output and income changes precipitated by the 
aging process. The paper takes largely a macroeconomic view. It does not deal in any narrow sense 
with the central issue of reforming the pension, health and long-term care insurance systems – however, 
pension and health care reforms may have important macroeconomic implications, and we will discuss 
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them where appropriate. In addition, some central macroeconomic issues, such as the productivity of an 
aging work force, require a distinct microeconomic view to be understood, and we will take our time to 
take this view. 
The paper is structured as follows. Section 2 briefly depicts the central demographic facts and discusses 
open research issues relevant for the economic analysis. Section 3 looks at labor markets: What do we 
know about labor supply, labor productivity and labor mobility? Where do we need more research on 
labor market effects of population aging? Section 4 discusses the interactions between labor, market and 
capital markets. Consumer demand will be deeply affected by aging since an elderly population has very 
different consumption patterns. This induces sectoral labor demand shifts possibly accompanied by 
higher frictional unemployment. With the increasing importance of private pensions, capital markets and 
product markets may become more closely linked than they are currently. Section 5 is devoted to capital 
market issues. Will world capital markets face a shortage of loanable funds when baby boomers retire 
and withdraw their savings? How much new savings will pension reforms generate? Which capital mar-
ket issues, such as corporate governance and capital productivity, require more research efforts? Sec-
tion 6 summarizes and concludes. 
The paper discusses these issues in generality, then proceeds with concrete examples of one aging coun-
try, namely Germany. There are several reasons to study Germany as a particularly interesting example 
for a country in the midst of global aging. Together with Italy and Japan, Germany is ahead of the United 
States in terms of aging. Germany’s old-age dependency ratio in 2003 corresponds to that of the United 
States in about 2023, twenty years later. Germany has a very globalized economy, with a high trade 
volume, large foreign direct investments, and the highest per capital immigration rate of the EU. Finally, 
Germany does not only have an old population, it also has an old economic system, with labor, capital 
market and social policy institutions created in the 1950s and now under substantial pressure. Germany 
is an ideal show case for the challenges – and chances! – of global aging for a highly developed econ-
omy. 
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2. Demographics 
At mid-2000, world population stood at 6.1 billion. While the world population has constantly grown, its 
annual growth rate has decreased from 2.04% during the period from 1965 to 1970 to 1.2% annually 
now. It is expected that this decrease in world population growth will continue. In the medium variant of 
the United Nations’ current world population projections, the growth rate is projected to decrease to 
0.5% by 2050. By then, world population will have increased to 9.3 billion. Most of this increase in the 
size of the world population takes place in less developed regions (United Nations, 2001).  
Throughout the world, demographic processes are determined by the so-called demographic transition 
which is characterized by falling mortality rates followed by a decline in birth rates, resulting in population 
aging and thereby reducing the population growth rate or turning it to negative. While the patterns of 
population aging are similar in most countries, the timing differs substantially. Europe and some Asian 
countries have almost passed the closing stages of the demographic transition process while Latin Amer-
ica is only at the beginning stages (Bloom and Williamson, 1998). So far, characteristics of a demo-
graphic transition process cannot be identified in Africa – fertility is at the highest level worldwide, and 
even though child mortality is declining, life expectancy is still very low – in part due to the enormous 
impact of AIDS (United Nations, 2001). 
The extent of global aging is most visible in the population pyramid, see Figure 1. In 1990, world popu-
lation essentially was a pyramid. In 2050, it will have the shape of a bell, and then – according to the UN 
– more or less stabilize. Between 2000 and 2050, world population will add especially persons aged 
between 40 and 65 as can be seen by the darkly shaded area in figure 1. 
 
Figure 1: World Population Pyramid 
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Source: United Nations (2001). 
 
 
There are marked differences in the extent and timing of the aging process even within the developed 
countries, see Figure 2. Japan and Germany have the highest old-age dependency rations, followed by 
the EU14, an average of all EU-countries (as of the year 2000) except Germany. The United States is 
considerably younger than the EU, and the remaining industrial countries (except EU, USA and Japan) 
are even younger. Section 5 of this paper will show that these international differences within the OECD 
will create the largest international capital movements in the medium run, not movements between the 
industrialized and the developing world, simply because the GDP of the industrialized countries is so 
much larger. In the long run, the Chinese and Indian economies may change this pattern considerably. 
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Figure 2: Old-age dependency ratio (65+/15-64) in OECD countries 
 
Source: United Nations (2001). 
 
 
2.1 Stochastic population forecasts 
This paper concerns open issues in the economics, not the demographics of global aging. Nevertheless, 
since the economics of global aging fundamentally depend on demographic forecasts, it is useful to point 
out the most important research issues here. Note that the reliability of demographic projections is not 
only an issue of getting economic forecasts right, it also has direct economic implications. International 
capital movements are precipitated by expectations which in turn are formed with a significant influence 
of population projections. Today’s foreign direct investment decisions are therefore influenced by what 
demographers project for the future as evidenced by Higgins (1998), Eichengreen and Fifer (2002), and 
Lührmann (2002). 
Compared to economic projections, medium run demographic projections (one generation ahead) are 
reasonably precise because most of the population one generation ahead is already alive. Formidable 
challenges, however, are longer run projections and a satisfactory description of the uncertainty involved 
in these projections. Stochastic projection methods (see Lee 1993, 1998, Lee and Tuljapurkar, 1994) 
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offer a verifiable mechanism to generate error bands. Their Achilles heel, however, is the weak statistical 
foundation of the underlying stochastic processes, to a great extent due to the lack of readily available 
historical data. Further research is needed to construct long time series of mortality, fertility and migra-
tion. 
2.2 Endogenous demography 
On a deeper level, research on the feedback mechanisms and the causality of demographic changes and 
the international differences in demographic processes has not come far. We do not really understand 
why Italy has a lower fertility rate than France, and why the German fertility rate has stayed amazingly 
constant since the mid-1970s while all candidate variables that are commonly employed to explain fertil-
ity have changed. The link between the social security system and fertility (Cigno, 1995) remains contro-
versial. This is highly policy-relevant, since particularly in low-fertility countries such as Italy and Ger-
many pension reform proposals circulate which argue in favor of a link between pension benefits and 
children born (Sinn, 1997). Of equal importance and not fully understood is the link between female 
labor force participation and fertility. The cross-national correlation between female LFP and fertility has 
changed sign some 10 years ago, from negative to positive, without a satisfying explanation so far (Hank 
and Kreyenfeld, 2003), ridiculing scientists who called such correlations “laws” in the 1970s and based 
public policy on it. 
The largest wild card in demographic projections is migration. The German statistical office has pre-
dicted a decline in the German population in each projection since the early 1980s. It has never occurred 
because migration was always larger than predicted. While we have many theoretical models describing 
the link between economic circumstances and migration, we do not have quantitative models that are 
able to predict how global aging will effect migration. Since capital moves with considerably less frictions 
than labor, we are better able to predict international capital than labor movements. Both, however, may 
interact, and both are important moderators of the economic impacts of global aging. The link between 
economics and demography is complex, long-run, and still an under-researched area, in spite of its im-
portance for economic development and social security perspectives. 
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3. Labor markets 
Understanding the development of the labor force during the next decades is crucial for any analysis of 
global aging because the long run macroeconomic development is dominated by fundamentals such as 
the relative scarcity of labor and the relative abundance of capital. The essential macroeconomic effects 
of population aging are a changing balance between capital and labor, and between labor supply and 
demand for consumption. An aging society has relatively few workers for the existing capital stock that 
produces consumption goods for a still relatively large number of consumers.1  These changing funda-
mentals do not only affect each country in isolation but also the relation among countries.2 
This section focuses primarily on the isolated impact of population aging on labor markets and asks to 
what extent public policy may be able to mitigate potential problems. It sheds light on the structural 
changes occurring on the labor market - the age structure of workers, their labor productivity and wage 
structure. In passim, we also look at interactions between labor and product, and between labor and 
capital markets. Section 5 examines the implications of population aging on capital markets. We post-
pone a general equilibrium analysis of growth until then. This section may therefore be regarded as a 
partial analysis dealing with human capital, while the complementary section 5 deals with real capital and 
the general equilibrium of an aging economy in a globalized world. 
 
3.1  Labor supply 
Predictions of labor supply have two components: a demographic projection (working age population) 
plus assumptions on labor force participation rates specific to age, gender, etc. Labor force participation 
rates are policy related; for example, they heavily depend on the rules determining labor market entry 
(through the education system, see Skirbekk, 2004a) and retirement (through statutory retirement age 
and actuarial adjustments, see Gruber and Wise, 1999). 
                                                               
1 Some countries have been projected to shrink in absolute size, Germa ny among others. Under realistic estimates of 
migration, however, this shrinkage will be very small until the baby boom generation deceases. 
2 Bryant, Faruqee and Lelculescu (2001). 
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Most developed countries have produced projections of labor supply, but there is no good compilation 
of them, and even less information on the exact assumptions, including the underlying projections of pen-
sion rules. Projections of the impact of global aging on the wealth of nations are therefore usually based 
on relatively coarse projections of labor supply (Attanasio and Violante 2000; Börsch-Supan, Ludwig 
and Winter 2002, 2004; INGENUE 2001). A more systematic approach to this fundamental input 
would be an important preliminary step for more reliable analyses of global aging. 
Actual employment of course also depends on labor demand. While most economists believe that in the 
long run employment is determined by supply, the long-lasting unemployment in Europe with its potential 
structural reasons may affect actual employment also in the future. Labor market rigidities affect the im-
plications of global aging in several ways. As we will see in subsection 4.1, aging changes the structure of 
consumption demand, therefore also the sectoral demand for labor. If the Continental European econo-
mies keep failing to permit quicker adjustments to changed circumstances, employment will fall quicker 
than labor supply due to unemployment in those sectors that are shrinking, and a lack of available new 
jobs in the potentially growing sectors. Migration is also heavily influenced by labor market regulations. 
Unemployment policies which fail to create jobs for less qualified persons may exacerbate the duality of 
labor markets in Europe: on the one hand, a rising excess demand for qualified labor is likely to emerge 
when cohorts become smaller during the aging process; on the other hand, unemployment among the 
less-qualified persons remains constant because the root cause for such unemployment (the large wedge 
between marginal productivity and total labor compensation) has not been removed. Since the economic 
essence of aging is a lack of labor relative to existing capital and population, under usage of labor even at 
low qualification levels amplifies the negative effects of population aging. 
Figure 3a depicts aggregate employment rates based on OECD (2002) and Börsch-Supan, Ludwig and 
Winter (2002). Level and shapes differ dramatically. They lead to “economic dependency ratios” (the 
number of pensioners as a percentage of the number of workers, see figure 3b which are much higher in 
Europe than in the United States. This economic dependency ratio is the core statistic to judge the eco-
nomic effects of global aging. According to these projections, the United States will never reach that 
level of economic dependency which Germany is already suffering from right now. 
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Figure 3a: Aggregate employment rates Figure 3b: Economic dependency ratio 
  
Source: Börsch-Supan, Ludwig and Winter 2002. 
 
Figure 3 shows the leverage of employment on the economic implications of aging. Comparing this figure 
with the purely demography-based figure 2 shows that the higher labor force participation in Japan 
makes this country less vulnerable to aging than Europe. By the same token, policies affecting employ-
ment, such as earlier labor market entry ages due to education reform and later labor market exit ages 
due to pension reform are crucial ingredients to minimize the economic effects of population aging. Any 
differential success in implementing such policies will have straightforward implications on global aging 
and the relative position of countries in the international pecking order. 
The strictly falling employment ratio in Germany during the 25 years between 2010 and 2035 (Figure 
3a) actually translates in a dramatically shrinking labor force. Figure 4 shows the magnitude of this de-
cline under three scenarios. Details are given in Börsch-Supan (2003b); in essence, the very optimistic 
scenario E3 (upper graph) assumes large increases in retirement age and female labor force participation 
plus an almost complete reduction of unemployment, while the lower graph E1 assumes no change in age 
and gender-specific employment rates at all. The Scenario E2 represents the – in our view – most realis-
tic set of assumptions in between. Despite the increase in participation rates predicted by the most prob-
able scenario E2, the size of the labor force as measured in the year 2000 is nonetheless set to fall by 
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around 8 million in the long term. In other words, the labor market will contract – in absolute terms by 
more than twice the current number of unemployed. 
It is very unlikely that this decline can be compensated by an equiproportional increase in productivity 
and/or capital accumulation, as we will show below. Total German GDP will therefore almost surely 
decline, and Germany is likely to become member with a declining weight among the G8 countries. 
Figure 4: Labor force in Germany, 2000-2050 [in millions] 
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Source: Börsch-Supan 2003. 
 
From a domestic consumer’s point of view, total GDP might be less relevant than GDP per capita. Since 
the German total population is also likely to decline, labor force as a share of the adult population - the 
so called support ratio  – will decline slower than total labor force. Nevertheless, in the middle scenario 
E2, the support ratio drops from 56% in the year 2000 to 49% in the year 2035, a 15%-decline in 25 
years, see Figure 5. 
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Figure 5: Support ratio (labor force as share of total adult population), 2000-2050 [in %] 
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Source: Börsch-Supan 2003. 
Figure 5 is useful because it demonstrates the force of aging in an understandable metric. A decline of 
15% in the 25 year period between 2010 and 2035 translates in a negative growth rate of around 0.45 
percentage points per annum from 2010 to 2035. The long-term real productivity growth of the German 
economy (1871-1995) has been estimated to be approximately 1.6% (Buchheim 1998). In other 
words, the negative economic force of aging, simply by reducing the number of workers available to 
produce goods and services, corresponds to between a quarter and a third of the average annual pro-
ductivity growth. To compensate for the lack of workers by higher productivity of the existing workers, 
total factor productivity would need increase by 40%, probably an unrealistic figure. 
Figure 5 also shows the variability range for this forecast. In the most pessimistic scenario E3, the impact 
of the declining support ratio is huge. On the other hand, in the optimistic scenario E1 the shift in the age 
structure is compensated for almost entirely by the increase in participation rates. 
This example bears several lessons for future studies on global aging. First, the huge variability of the 
projections and the leverage of employment on GDP make clear, that it is important to better understand 
how public policy can influence labor force participation rates. Structural reforms such as education re-
form and pension reform have potentially huge “side-effects” on GDP growth through their impact on 
employment, over and above the often more prominently discussed impacts on social budgets. While 
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already much research has been devoted to the impact of pension rules on retirement age (Börsch-
Supan and Schnabel, 1998; Gruber and Wise, 1999; Börsch-Supan, 2000b), we lack reliable and 
strictly comparable cross-national micro data to reduce the large variability of these estimated impacts. 
There is also little research on the other channels through which social policy affects employment in all 
age ranges, including labor force entry. 
Second, the above example shows how strongly the differential force of global aging depends on to what 
extent an increasing quality of labor will compensate for the decreasing quantity of labor. “Side effects” 
of structural reforms on productivity may in the long-run dominate any direct but static effects, because 
they change the growth path of the economy. We will come back to this point in the following subsec-
tion, which discusses labor productivity, and in subsection 5.5, which discusses capital productivity.  
While the above examples yield helpful demonstrations of the force of aging, the actual impact of aging 
on GDP can only be assessed in general equilibrium, since capital accumulation may change during the 
aging process as well. Projections thus require general equilibrium models which are sufficiently realistic 
to model demography, capital accumulation and employment. We will introduce such models in Section 
5, since they are of particular importance in predicting capital market effects. 
As a quick preview, figure 6 shows predicted GDP per capita in Germany, net of an exogenous produc-
tivity growth of 1.5% per annum, based on a OLG-model developed by Börsch-Supan, Ludwig and 
Winter (2002), described in Section 5. Netting the exogenous growth rate out is helpful in order to iso-
late the two other forces of growth: capital accumulation and labor force decline. Figure 6 shows that 
capital accumulation will increase GDP per capita until about 2015. Thereafter, the decline of employ-
ment overcompensates the growth effect of capital accumulation, and GDP per capita begins to decline 
relative to the path without aging. 
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Figure 6: Predicted GDP per capita, net of exogenous GDP growth 
 
Source: Own calculations based on Börsch-Supan, Ludwig and Winter (2002) 
 
3.2 Labor productivity 
Not only the size but also the age structure of the working population will change radically in the coming 
decades. We again use Germany as an example for the how dramatic the change will be. Figure 7 shows 
the age composition of the labor force between the years 2000 and 2050. The peak of this age distribu-
tion very clearly moves from left to right. The modal age in the year 2000 is at age 36; 10 years later the 
peak age increases to 46 years; and a further 10 years on it has risen to 54 years. The baby boomers 
then retire – the age distribution curve flattens out and changes very little in the following decades. 
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Figure 7: Age structure of the working population, 2000-2050 
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Source: Börsch-Supan 2003. 
 
 
Correspondingly, the average age of the labor force will increase from 29 to 42.5 years in the next 20 
years, will then stagnate for 15 years and subsequently increase by one further year (Figure 8a). The 
dramatic change in the age structure is particularly exemplified by the share of workers aged 55 years or 
older in the labor force (Figure 8b). An interesting phenomenon is the temporary “rejuvenation” of the 
labor force after the numerous baby boomers have retired. The figure, however, also reveals - and this is 
an important message - that the shift in the age structure is not a transitory phenomenon which subsides 
after the baby boom generation has deceased. 
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Figure 8a:  
Average age of the labor force 
Figure 8b:  
Share of the labor force over 55 years 
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Source: Börsch-Supan 2003. 
 
 
This fundamental change in the age structure of the working population will have profound effects on the 
microeconomics and the sociology of the labor market. The most important – and most controversial – 
aspect is the potential effect on labor productivity. If labor productivity is age dependent, a shift in the 
age structure will also bring about a change in aggregate productivity, even if age-specific productivity 
were to remain constant. This section provides a rough estimate of this effect’s approximate magnitude. 
This is not a simple task because there is no reliable data available on age-specific labor productivity. 
Barth et al. (1993) conclude from a survey of human resource executives in 406 organizations that 
“Older workers were consistently rated as having more positive attitudes, being more reliable, and pos-
sessing better skills than the average worker; they were rated worse than the average worker when it 
comes to health care costs, flexibility in accepting new assignments, and suitability for training.” Measur-
ing these countervailing forces is difficult. Moreover, workers select themselves in sectors and profes-
sions according to their own productivity and this self-selection changes with age – and consequently 
with the shift in the age structure. Age-specific labor productivity must therefore be identified from panel 
data on work input and attributable output. Studies based on cross-sectional data confound age, cohort 
and selection effects. 
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Skirbekk (2004b) and Börsch-Supan, Düzgün and Weiss (2004) provide recent reviews over the exist-
ing literature, distinguishing among three kinds of studies: studies measuring cognitive abilities; studies 
using supervisors’ evaluations, and econometric studies using firm data. All three approaches have se-
vere drawbacks: Using cognitive abilities as yardstick ignores experience and managerial abilities which 
may increase with age rather than decrease; supervisors’ evaluations may reflect common prejudices 
rather than objective abilities, they may also be dominated by labor relations aspects; econometric stud-
ies using firm data exhibit little variation in average employee’s age and suffer from confounding factors.3  
Börsch-Supan, Düzgün and Weiss (2004) report on a study design based on the performance of well-
defined working groups in two large German manufacturing companies; no results are yet available. Such 
studies are expensive but may overcome the above-mentioned difficulties. Understanding productivity of 
older workers and how to influence it is a major underresearched area of importance to understand fu-
ture economic growth. 
The importance of these issues is underlined by applying two extreme estimates of age-specific produc-
tivity derived from  Kotlikoff and Wise (1989) to the German data which should, roughly at least, cap-
ture the range of possible effects. Kotlikoff and Wise (1989) evaluated confidential data originating from 
a major US American service enterprise. They provide two estimates. The first estimate uses age and 
seniority-specific earnings of sales staff, which are proportionally linked to the value of the sales con-
tracts clinched by such staff, and interprets them as age and seniority-specific productivity. Figure 9 
shows these earnings as a function of age (abscissa) and age on joining the firm (set of curves parame-
ter). 
 
                                                               
3 See Hutchins (2001) for a discussion of the usefulness of employer survey to address these issues. 
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Figure 9: Age and seniority-specific earnings of salesmen 
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Source: Kotlikoff and Wise (1989) 
 
 
Since the curves are basically congruent, we draw on the profile of sales employees recruited at the age 
of 20 for the first estimate of age-specific labor productivity. This curve is relatively flat. The employee’s 
piece rate remuneration more than doubles during the first junior employment period of around 15 years. 
Piece-rate remuneration – our initial measure of productivity – only begins to fall again between the ages 
of 55 and 60 years. 
Because salesmen, whose pay is wholly performance related are by no means representative of a mod-
ern service economy, we use Kotlikoff and Wise’s (1989) salary measures of office workers for our 
second estimate of age-specific labor productivity. The difficulty here is that salaried workers’ pay gen-
erally encompasses a major seniority element which severs the tie between pay and productivity across 
the life cycle. Figure 10 shows this phenomenon quite clearly: the pay of “novices” is significantly lower 
than that of the “old hands”. The sharp fall which takes place once the age of 60 has been reached is 
almost certainly a statistical artifact, however, as most of the salaried workers employed by this com-
pany take early retirement. The earnings of novices however once again reveal a strong age link. We 
draw on this age – salary pattern of newly recruited staff as our second estimate for the age-specific 
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labor productivity of salaried workers. This turns out to be considerably “curvier” than the profile shown 
in figure 9. 
Figure 10: Age and seniority-specific earnings of salarymen 
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Source: Kotlikoff and Wise (1989) 
 
 
Figure 11 shows the normalized age-productivity estimates. Both feature a distinct bell-shaped curve 
which peaks for salaried workers at the age of 44 years and subsequently falls rapidly while sales em-
ployees’ productivity maximum is reached 4 years later and is much less pronounced. In both cases, 
labor productivity is about 20% of its lifecycle maximum at around 16 years and sinks back down to this 
level again at 75 years. 
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Figure 11: Relative labor productivity of salesmen and salarymen 
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Source: Derived from Kotlikoff and Wise (1989) 
 
The point of this exercise becomes clear in Figure 12. We now multiply age-dependent productivity 
(Figure 11) with the gradually changing distribution of the age structure of the working population (Figure 
7) in order to calculate the time path of the aggregated productivity of the labor force. 
 
Figure 12: Potential effect of age-specific labor productivity on aggregate labor productivity 
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Source: Own calculations  
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The main lesson from this exercise is that makes a considerable difference whether figure 9 or 10 is as-
sumed to be the true age-productivity profile. If the age-productivity profile looks like figure 9, there is 
no severe impact of aging on aggregate labor productivity. If the age-productivity profile, however, is 
better described by figure 10, aggregate labor productivity will significantly drop, amplify the negative 
effects on economic growth, and exacerbate the divergences through global aging. 
More research on age-specific productivity is clearly needed to better understand whether aging econo-
mies will suffer from a productivity decline, amplifying the effects of a shrinking quantity of labor. At the 
very least, the difference between figures 9 and 10 indicates the value of policies fostering further educa-
tion. Similar arguments apply to the innovative capacity of aging societies. 
 
4. Interactions between Labor, Product and Capital Markets  
The labor market is not insulated from other markets. It is not only directly affected by population aging, 
but also indirectly by aging-induced changes in product and capital markets. In this brief interim section, 
we first focus on interactions between labor and product markets, then on interactions between labor 
and capital markets. 
4.1 Interactions between labor and product markets 
Product demand will change, since an older population of consumers has different preferences and 
needs than a younger population. Consumption demand may also decline for at least two reasons. First, 
because GDP per capita will decline in the face of a shrinking labor force unless this is offset by higher 
capital input and productivity. Second and more subtly, it is likely that more retirement income comes 
from asset income which fluctuates more than annuitized pension and labor income. This will increase 
precautionary savings and depress consumption, given a fixed level of income. We have little evidence to 
quantify these effects so far. 
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Somewhat easier to predict are shifts within consumption demand. Consumption behavior changes with 
increasing age. As an illustration, figure 13 shows the age-specific shares of nine broad expenditure 
groups specified in the 1993 German Income and Consumption Survey (“EVS 1993”). It is noticeable 
that spending on goods in the group “transport and communication” falls over the life cycle while goods 
in the “health and hygiene” group, as well as costs of shelter, account for a growing share of older 
households’ budgets. 
Figure 13: Age-specific distribution of consumer spending across different group of goods 
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Hence, if the age distribution of an economy is changing, the composition of consumption will change 
accordingly. As a simplistic first approximation, we may assume that the pattern of age-specific con-
sumer spending shown in figure 13 remains much the same in the future. Then one can apply a simple 
shift-share methodology to predict consumer spending by sector of demand. This is done by multiplying 
age-specific expenditures with the age-group figures provided by a population projection. Most notably 
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the aggregated expenditure on health calculated on this basis will increase during the aging process while 
the corresponding spending on transport will decline. 
Changing product demand will then precipitate shifts in sectoral labor demand. Two questions arise: 
How large are these shifts? And, more important for an assessment of global aging, which countries will 
profit from these changes, and which countries will suffer from them? 
Using again a simplistic shift-share methodology to obtain a rough idea of the potential order of magni-
tude, we arrive at the changes in sectoral employment depicted in figure 14. It is computed by multiply-
ing the expenditure projections with current sector-specific labor productivity to arrive at the time path of 
workers per sector in the course of population aging. Figure 14 displays the results as deviations from 
sectoral labor demand in the year 2000. Employment in the health sector will increase by around 7%. It 
will fall in the transport sector by around 5%. Overall, increases and decreases in employment amount to 
a total of 18 percent, suggesting that more than a sixth of all workers will need to change their jobs due 
to population aging. 
Figure 14: Increase/decrease in employment per goods sector 
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Source: Own calculations based on figure 13, population projection B2, and the annual abstract of statistics “turnover 
per worker” in each sector. 
 
 
 
This simplistic approach may lead to rather biased results if age-specific consumption patterns will 
change. Age-related consumption patterns are an under-researched area. Usually (as in figure 13), age-
specific consumption behavior is inferred from cross-sectional data. Such data, however, confound age, 
cohort and time effects. They can only be separated using panel data on the structure of spending, or, 
with some approximation, by using repeated cross-sections to form a synthetic panel (Deaton and Pax-
son, 1994). There is little research on past changes in consumption patterns, using such data, and subse-
quent implications for an aging population. 
4.2 Interactions between labor and capital markets  
Labor supply is also affected by capital market fluctuations. The more retirement income is provided 
through funded pension income (e.g., 401k plans or other individual accounts invested in the stock mar-
ket), stock market performance will, at the margin, affect the retirement decision of workers as well as 
their consumption demand. While there is some evidence that the recent increase in retirement age is 
concurrent with the decline in stock market values, see figure 15, taken from Eschtruth and Gemus 
(2002), these data are too recent and cover too short a period to permit causal analysis. 
 
Figure 15: Stock Market Performance and Labor Force Participation of Older Persons 
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Source: Eschtruth, A.D., and J. Gemus (2002) 
 
Understanding this mechanism is important for analyses of global aging since it may substantially amplify 
capital market disturbances. Stock markets have exhibited huge swings, and we do not fully understand 
how bubbles emerge and even less how to predict and prevent them. There is little convincing literature 
so far to assess in how far labor supply adaptations such as postponement of retirement moderate or 
amplify the negative implications of stock market fluctuations. One route for such analysis would be the 
rejuvenation and adaptation of real business cycle models. This topic has a clear political dimension since 
the flexibility of choosing the retirement age is a core transmission mechanism for these interactions be-
tween the capital market on one side and labor and product markets on the other side. 
 
5. Capital markets  
Capital markets play a crucial role in global aging since capital is the factor which moves with the least 
frictions across countries, and it permits to shift resources from one period to another. The first mecha-
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nism permits international diversification of demographic risks, the second mechanism permits intertem-
poral (even intergenerational) substitution of resources. 
Both issues are complicated in a system of many countries, some of them aging faster than others, some 
of them not aging at all.  There will be competition across the aging regions for profitable foreign direct 
investment in regions that age slower or not at all. An important area of research is therefore to gauge the 
relevant orders of magnitude in a system of regions which is tied together by flows of capital combined 
with reverse flows of goods and services. 
Capital market issues cannot be studied in isolation from public policy. Most importantly, the share of 
private pensions in total retirement income is a major determinant of the supply of loanable funds. Fun-
damental pension reform has therefore a large impact on capital markets. In turn, the future performance 
of capital markets will have a huge impact on the success of the current generation of pension reforms. If 
rates of return stay low, or if an “asset meltdown” will occur due to falling asset values when the baby 
boomers retire, funded pensions will not provide the much searched for escape from the demographic 
problems that plague the public pay-as-you-go pension systems. 
There is a host of time-honored and fundamental research questions in this area which still bear a host of 
unanswered questions.4 One set of issues concerns the effect of public pensions on aggregate savings 
and, more subtly, on the composition of aggregate savings. There are actually two distinct issues: crowd-
ing out of savings by public pay-as-you-go financed pensions, and crowding out of general savings (say, 
for the down payment of a home) by retirement savings. Another set of issues is the extent of interna-
tional diversification. While we know that there is strong home bias and while we know that capital does 
not move freely, we do not have reliable calibrated models of capital market frictions. We also do not 
fully understand how portfolio choice will evolve in the future since we have competing explanations of 
the equity premium. Compositional changes of financial assets, however, are likely in the face of popula-
tion aging. Finally, capital markets contribute to productivity and thus growth of the entire economy. A 
                                                               
4 See the companion survey paper in this workshop by Bosworth, Bryant and Burtless (2004).  
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direct channel is corporate governance which is likely to be affected by pension policy and by the 
mechanisms that institutional investors use to funnel retirement funds through the economy. 
So far, we understood capital markets as markets for real capital (as a factor of production). We have a 
set of reasonably well-working models for the accumulation of real capital. Departing from Solow-type 
growth models (Cutler, Poterba, Sheiner and Summers, 1990), we now usually use models of overlap-
ping generations (OLG) in the tradition of Samuelson and Diamond.5  
OLG models have recently been extended to multicountry settings suitable to study global aging. OLG 
models have been used to analyze international capital flows since the seminal contribution by Buiter 
(1981). More recently, several authors have developed large-scale multi-country OLG models to study 
the effects of population aging and pension reform on international capital flows. Attanasio and Violante 
(2000) and Brooks (2003) analyze demographic effects on international capital mobility in stylized mod-
els (and in the case of Attansio and Violante, using also very stylized demographic projections). Both 
papers do not address the important issue of pension reform with its associated change in saving pat-
terns. INGENUE (2001) and Börsch-Supan, Ludwig and Winter (2002) also address issues related to 
pension reform, and they use actual demographic projections which model population aging realistically 
as a more than one-dimensional event. Börsch-Supan, Ludwig and Winter (2004) show that the delicate 
effects of the differential timing of demographic change across countries on macroeconomic aggregates 
and capital flows can only be assessed with actual demographic forecasts; they are largely ignored in the 
stylized demographic transition schemes used in other work, and only coarsely modeled in INGENUE 
(2001). 
These “global aging models” are fairly sophisticated by now and can be calibrated to real data. How-
ever, they ignore national and international capital market frictions so far. For the lack of a better model 
of capital mobility (see subsection 5.4), we will restrict attention to OECD countries, and we will, in the 
                                                               
5 Samuelson (1958); Diamond (1965), then Auerbach and Kotlikoff (1987). Recent examples include Kotlikoff, Smetters 
and Walliser (1999), De Nardi, Imrohoroglu and Sargent (1999), and Altig, Auerbach, Kottlikoff, Sme tters and Walliser 
(2001) for the United States, Miles (1999) for Great Britain, and Fehr (2000), Hirte (2002) and Börsch-Supan, Heiss, 
Ludwig and Winter (2003) for Germany. Miles  and Iben (2000) present a comparative analysis of pension reform 
  29 
example provided below, only model the polar cases of a closed economy and of perfect capital mobil-
ity within the OECD region. This approach allows to understand the effects of capital mobility on rates 
of return in the future even though the true effect might be smaller. More research on capital market fric-
tions will help, to better understand how international diversification might alleviate the negative implica-
tions of global aging. 
A major issue not yet sufficiently tackled with is also the treatment of risk in OLG models. With the ex-
ception of Attansio and Violante (2000) and Börsch-Supan et al. (20xx), existing studies such as 
INGENUE (2001) and Brooks (2003) have not addressed the impact of life-time uncertainty on house-
hold saving decisions. This is not only an important and salient extension of the classical life-cycle theory 
of consumption. Not including the underlying survival rates in the household problem also leads to incon-
sistencies in aggregation. Income and capital market risks, however, have not been modelled so far in 
realistic OLG models. 
Markets for real capital are, of course, linked to financial markets with their large risks and uncertainties. 
We know much less about the modeling of financial markets, in particular international financial markets, 
once they deviate from the fundamentals given by the demand for, and the supply of, real capital. We 
have some theoretical models of bubbles, but we are far from a understanding, not to speak about mod-
eling, of how financial market shocks are transmitted through the global economy. One might argue, that 
the effect of global aging is on real capital only, since demographic change is a slow and steady devel-
opment. This is the basic assumption when OLG models are used to predict future capital flows and 
rates of return. One may also argue that the increasing reliance on capital markets through private pen-
sion may increase the potential for nervous reactions, sparking financial crises more often in a globalized 
and aging world than in the previous decades with segregated financial markets and little leverage of 
pension funds. Case study type of research on the behavior of pension funds in critical situations may be 
important to identify mechanism that stabilize financial markets and ultimately strengthen confidence in 
funded pensions. 
                                                                                                                                                                                                           
schemes for the United Kingdom and Germany. Kotlikoff (2000) provides an overview of earlier applications of over-
lapping generations models. 
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In the sequel of this section, we focus on five important capital market questions about global aging 
which would benefit from more research but where we have already some interesting qualitative (and 
sometimes even quantitative) results. 
5.1 The supply of savings 
Does global aging decrease the supply of global capital? Theoretical arguments that establish this link 
build on the well-known life-cycle theory of consumption and savings by Modigliani, Ando and Brum-
berg (Modigliani and Brumberg, 1954; Ando and Modigliani, 1963). The aggregation of individual, co-
hort-specific life-cycle savings profiles leads to a decrease of national saving rates in an aging economy. 
In a general equilibrium model of forward-looking individuals, it is not only the current demographic 
structure that alters the time path of aggregate savings, but also future demographic developments. There 
are two main channels for effects of demographic change on domestic capital formation. First, decreas-
ing labor supply reduces demand for investment goods since less capital is needed. Second, in a closed 
economy, a decline in national savings leads to a decline in investment by definition. In an open econ-
omy, the link between these two aggregates is broken to the extent that capital is internationally mobile. 
While the theory is straightforward, it is less clear to which extent the stylized microeconomic savings 
theory by Modigliani applies to reality. Figure 16 shows German saving rates by age (corrected for co-
hort effects). While we recognize the hump-shape predicted by Modigliani, we do not observe any dis-
saving in old age.  
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Figure 16: Age-specific saving rates (cohort corrected) 
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Source: Börsch-Supan, Reil-Held and Schnabel (2003) 
 
This sheds considerable doubt on the realism of predictions based on the simple life cycle hypothesis. 
Such predictions are likely to overestimate the decline of saving rates if the true saving behavior looks 
more like figure 16. We do not know much, however, about how the current saving behavior might 
change in the face of global aging. In particular, pension reform away from pay-as-you-go-financed pen-
sions towards funded pensions might change saving behavior because it revives the retirement saving 
motive. To understand this, we need cross-national studies on saving behavior, since only international 
comparisons provide the policy variation needed for such analysis. 
The potential power of such studies can be seen in figure 17 which shows, by age group, median saving 
rates in France, Germany, Italy and the Netherlands. They are based on a comparable longitudinal frame-
work, represent life-cycle saving purged from cohort effects, and employ comparable variable definitions 
and data sources as part of the International Saving Comparisons Project (Börsch-Supan, 2001).  
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Figure 17: Age-specific saving rates (cohort corrected) 
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Sources: France: Fall, Loisy, and Talon (2001); Germany: Börsch-Supan, Reil-Held, Rodepeter, Schnabel, and Winter 
(2001); Italy: Brugiavini and Padula (2001); Netherlands: Alessie and Kapteyn (2001). 
 
The saving profiles in France, Germany and Italy are rather flat and show no dissaving in old age. One 
possible explanation is that the high replacement rates of the public pension systems in these countries have 
made private retirement income largely unnecessary.6  If other saving motives, such as precaution and 
intergenerational transfers, are more important than retirement saving, age-saving profiles are likely to be 
much flatter than under the textbook life-cycle hypotheses which predicts saving in young and dissaving in 
old age. This explanation is in line with the work by Jappelli and Modigliani (1998) who argue that the main 
mechanism for “retirement saving” in Italy is the PAYG system. While we lack the most appropriate coun-
terfactual – French, German and Italian data from times when these countries had no PAYG systems – 
figure 17 depicts the case of the Netherlands which have, as opposed to France, Germany and Italy, only a 
small base pension provided by their PAYG public pension system. All additional retirement income in the 
Netherlands has to be provided by (mandatory) savings plans, commonly provided through occupational 
                                                               
6  See Boeri, Börsch-Supan and Tabellini (2001) for a comparison of replacement rates. 
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pension plans. Figure 17 shows that the median Dutch household has a much more pronounced hump-
shaped life-cycle savings profile than the median French, German and Italian households, and it exhibits 
dissaving among the elderly as they draw down their mandatory saving accounts. 
This cross-national microeconomic evidence suggests that the consumption-smoothing mechanism em-
ployed in the OLG model may be a quite appropriate prediction device. A pension reform towards a multi-
pillar system with a substantial portion of funded retirement income will revive the retirement motive for 
saving in France, Germany and Italy. In fact, these systems will look very similar to the current Dutch sys-
tem. Hence, it is likely that saving rates among the young will increase (to accumulate retirement savings), 
and saving rates among the elderly will decline sharply (because they will dissolve their retirement sav-
ings).7 
Empirical evidence on how demographic change has affected saving behavior across countries in the 
past is reviewed by Poterba (2001). Following earlier work by Higgins (1998) and others, Lührmann 
(2002) investigates whether demographic factors have influenced international capital flows in the past. 
She uses a broad panel of 141 countries that covers the period 1960-1997 to investigate the effects of 
demographics on international capital flows. She confirms that cross-country capital flows are indeed 
influenced by demographic variables. While this has been shown in other studies before, she can also 
show that relative differences in the age structure across countries are the most important determinants of 
capital flows. Moreover, as Lührmann (2002) shows, future changes in the age structure of countries are 
important determinants of current saving and investment decisions, a finding that confirms forward-
looking household behavior. 
The effects of international diversification on savings behavior and its interaction with pension reforms 
receive rapidly increasing attention as the pension reform debate progresses. Deardorff (1985) contains 
an early analysis, and Reisen (2000) provides a comprehensive overview of these issues. Reisen argues 
strongly that there are pension-improving benefits of global asset diversification. In a theoretical paper, 
                                                               
7 Portfolio composition is also likely to change under such a shift, see section 5.3. 
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Pemberton (1999) highlights the importance of international externalities caused by the effects of national 
pension and savings policies on the world interest rate. Pemberton (2000) goes a step further and shows 
that an intergenerational Pareto improvement through coordinated pension reforms is possible. 
Sophisticated OLG models are in principle able to predict many of the above effects, although they are – 
so far – not correctly taking the risks and uncertainties into account which generate precautionary savings. 
The models mainly capture savings accumulated for long-run consumption smoothing, especially for retire-
ment. Figure 18 shows the output of such a model (Börsch-Supan, Ludwig and Winter, 2004) for Germany 
as part of an EU and an OECD-wide open capital market. We display six variants. In order to show the 
effect of global capital markets, the three lines in each figure represent the case of Germany as a closed 
economy, a two-region world consisting of Germany and the other EU countries with free capital mobility 
between the two regions, and a two-region world extended to all OECD countries. In order to separate the 
direct effect of population aging and the additional effects of pension reform, we present all projections 
under the traditional PAYG system and then show the additional (differential) effect of a pension reform 
that induces a substantial extent of pre-funding by freezing the contribution rate to the PAYG pillar. In an 
OLG model, pre-funding will happen automatically through the consumption smoothing mechanism. The 
transition process eventually leads to a state in which about one third of retirement income will come from 
the funded pillar. 
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Figure 18: Projections of the German aggregate saving rate under alternative pension systems 
and capital mobility scenarios 
Pre-2002 pension systems  After fundamental pension reform 
  
Notes: This figure shows projections of the aggregate savings of German households as a percentage of GNP. Pen-
sion reform only in Germany. Germany: Germany as a closed economy, EU: perfect capital mobility in the EU area, 
OECD: perfect capital mobility in the OECD area. 
Source: Own calculations, based on demographic projections of the United Nations (2000) and age and gender-
specific labor force participation rates by the OECD (2002). 
 
The aggregate saving rate decreases throughout the entire observation period in all capital mobility sce-
narios since the baby boom generation decumulates assets. When the aging problem peaks in Germany 
around 2035-2040, the saving rate reaches its trough. The decrease of the savings rate caused by popu-
lation aging – the difference between the value in 2000 and the minimum reached in 2035-2040 – is 
about 5 percentage points in the closed-economy and EU 14 scenarios and 4.7 percentage points if we 
allow for capital mobility within the OECD. The projected aggregate saving rates under a fundamental 
pension reform are substantially higher and the effect of a pension reform is stronger in the two open-
economy scenarios. An increase in national savings leads to an increase in the capital stock and thereby 
to a decrease in the rate of return to capital which then crowds out further savings. In the open-economy 
scenarios, substantially more savings is generated since – as we show below – the rate of return de-
creases by much less.  
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These projections show that optimal life-cycle behavior generates additional saving under a fundamental 
pension reform – in our model, it is not the case that additional retirement saving induced by a pension 
reform crowds out other saving totally, as often claimed. Some crowding out does take place. Our pro-
jections indicate a substitution of about one third, leaving two thirds to new saving. The extent of crowd-
ing out is of course very important to understand in order to estimate future global capital supply. Inter-
national comparisons such as illustrated in Figure 17 provide the necessary policy variation and are 
therefore important research tools in order to better understand the crowding out of private savings by 
public programs. 
 
5.2 Asset meltdown? 
Several articles in the popular press have attributed recent rises in stock market prices to population 
aging and raised the fear that an asset market melt-down might occur when the baby boom generation 
decumulates its assets. In the academic literature, there is no consensus on the asset market melt-down 
hypothesis (see e.g. Poterba, 2001; Abel, 2001; and Brooks, 2002). According to our view, closed-
economy models conventionally used in the academic literature miss the important fact of international 
capital flows under global aging. Because of international diversification, the melt-down of the asset mar-
ket is lower than predicted by closed-economy versions of conventional OLG models. Börsch-Supan, 
Ludwig and Winter (2004) show that the decrease in the rate of return which results from both popula-
tion aging and moving towards pre-funded pensions is modest, approximately 1.4 percentage points 
once we assume a closed economy. The return on capital can be improved by international diversifica-
tion, that is, by investing pension savings in countries with a more favorable demographic transition path 
than Germany. 
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Figure 19: Projections of the rate of return to capital under alternative pension systems and 
capital mobility scenarios 
Pre-2002 pension systems  After fundamental pension reform 
Notes: This figure shows projections of the rate of return to capital. Pension reform only in Germany. Germany: Ge r-
many as a closed economy, EU: perfect capital mobility in the EU area, OECD: perfect capital mobility in the OECD 
area. 
Source: Own calculations, based on demographic projections of the United Nations (2000) and age and gender-
specific labor force participation rates by the OECD (2002) 
 
The left panel shows that a decrease in the rate of return on capital is evident for both the closed-
economy and the two open-economy scenarios. However, the decrease is much less than often claimed 
in the public debate. Even in the closed-economy case, a decrease of the rate of return of about 1.4 
percentage points - as measured by the difference between the rate of return in 2000 and the minimum 
for the period 2030-2040 – is much less than often claimed in the public debate. Moreover, it is appar-
ent that closed-economy models overestimate this reduction of the rate of return: its projected decrease 
is only about 1 percentage point for both capital mobility scenarios. In absolute terms, this is not a very 
large difference (even though the compound effect, over two or three decades, of even such a small dif-
ference matters when it comes to analyzing funded pension systems).  
The beneficial effects of openness to international capital markets become much more evident when we 
analyze the effects of a fundamental pension reform. If a fundamental pension reform was implemented in 
Germany and if Germany was a closed economy, then the additional decrease of the rate of return to 
capital would be about 0.8 percentage points. But as the right panel shows, there is virtually no differ-
  38 
ence of the rate of return between the two pension system scenarios if capital is freely mobile within the 
OECD. In the intermediate case, when capital mobility is restricted to the EU area, the decrease would 
only be around 0.2 percentage points. 
This interaction between global aging and pension reform is an important finding. It suggests that house-
hold savings induced by a fundamental pension reform should be invested internationally, not only for 
reasons of risk diversification (which of course are not present in our deterministic model), but also for 
the sake of higher returns that are available in other countries with different aging processes and more 
favorable capital/labor ratios. Our results also confirm our earlier claim that the most important beneficial 
effects of capital mobility do already show up under very modest capital mobility scenarios. Indeed, 
there is almost no difference between the OECD scenario and a scenario where we allow for perfect 
capital mobility in the entire world (results are not shown). 
 
5.3 Portfolio choice and differential rates of return 
It is unlikely that all assets are equally affected by global aging. In addition to the international differences 
in domestic returns, to be equalized by international capital flows as discussed in next section, it is likely 
that the demand for safe assets will increase relative to risky assets, simply because an older population 
tends to prefer safe assets because they have less time left to compensate for economic shocks. 
The development of models which are able to generate robust predictions of portfolio choice and differ-
ential rates of return is still in its infancy. A major obstacle is the less than perfect understanding of the 
equity premium puzzle, and the difficulties in modeling dynamic portfolio choice over the life cycle 
(„Consumption Capital Asset Pricing Model“, C-CAPM; Lucas, 1978). Modern versions of these 
models (Bodie, Merton und Samuelson, 1992; Campbell und Viceira, 2002) are mathematically compli-
cated but nevertheless still fairly simplistic in their underlying economics and do not yield robust predic-
tions; i.e., small changes in the underlying assumptions create large deviations in the predicted outcomes. 
Brooks (2003) uses a very simplified version of such models to predict a population aging-induced in-
crease in the difference between the returns to safe and risky assets. 
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To be realistic, these models need to solve the “equity premium puzzle”, i.e., a larger return difference 
between safe and risky assets than warranted under simple models of risk aversion (Mehra und Pres-
cott; 1985). One method, due to Constantidines, Donaldson und Mehra (2002), imposes credit restric-
tions (in form of a fixed percentage of household disposable income). Following this approach, Börsch-
Supan, Ludwig and Sommer (2003) embed a calibrated dynamic portfolio choice model into an over-
lapping generations model in order to differentiate the results discussed in the preceding subsection (see 
figure 19) by safe and risky assets. Figure 20 summarizes the main results. 
Figure 20: Projections of the rate of return: riskiness 
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Source: Börsch-Supan, Ludwig and Sommer (2003) 
 
The risk-free rate is predicted to decrease relatively sharply during the next 25 years from 3.3 percent to 
a little above 1.8 percent in the year 2027. This decline is much stronger than the decrease in the rate of 
return of stocks (7.6 to 6.8 percent). After 2027, the rate for safe assets increases again, while the rate 
for stocks remains essentially stable. The equity premium increases until 2025 to about 70 basis points. 
This effect, however, is only temporary. The equity premium goes back to the pre-aging figures to the 
extent by which the baby boomers convert their safe assets into consumption.  
  40 
These results are to be taken with caution; they are more qualitative than quantitative projections. Figure 
21 shows their large sensitivity to assumptions about the underlying exogenous growth rate on the OLG 
model. The results are equally sensitive to specifications of the extent of credit rationing, generating the 
equity premium puzzle mechanism. The international perspective is still missing in this model. Obviously, 
more research is needed to truly understand how the rates of return of safe and risky assets are affected 
by global aging. 
 
Figure 21: Projections of the rate of return: sensitivity 
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Source: Börsch-Supan, Ludwig and Sommer (2003) 
 
5.4 International capital flows 
It is well known that within each country, demographic change alters the time path of aggregate savings, 
even more so in countries where fundamental pension reforms – that is, a shift towards more pre-funding 
– are implemented (Börsch-Supan 1996; Reisen, 2000). To the extent that capital is internationally mo-
bile, population aging will induce capital flows between countries. Figure 22 shows net capital exports of 
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different regions within the OECD as a percentage of GDP. As the left panel indicates, a international 
OLG model is able to generate capital flows of the correct sign not only for Germany, but also for the 
other world regions, especially the United States and Japan. As mentioned before, levels are however 
overestimated. Given that the US will continue to have a younger population than other regions, it will 
also continue to be a capital import country. For Japan the opposite holds. 
 
Figure 22: Projections of net capital exports of the OECD area under the assumption of per-
fect capital mobility within the OECD 
Pre-2002 pension systems  After fundamental pension reform 
Notes: This figure shows projections of net capital exports of the respective region as a percentage of GDP under the 
assumption of perfect capital mobility within the OECD. Pension reform only in Germany. EU 14: all countries of the 
European Union except Germany. OECD 12: all OECD countries except for the countries of the European Union, Japan 
and the United States. 
Source: Own calculations, based on demographic projections of the United Nations (2000) and age and gender-specific 
labor force participation rates by the OECD (2002). 
 
 
Figure 22 also shows how closely related the swings of capital exports are to the differential demo-
graphic processes. For example, the swings of Japanese capital exports are exactly opposite to the 
swings of German exports – just as the aggregate employment ratio. Also, while the OECD 13 is the 
youngest area, in relative terms, it is severely affected by aging. Accordingly, capital imports of this re-
gion decrease until the current account even becomes positive. Under a fundamental pension reform, 
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German capital exports increase substantially and crowd out capital exports of all other world regions by 
about 0.8 percentage points in each country until 2050. 
For quantitative projections of international capital flows induced by population aging, the degree of 
capital mobility is crucial. This is an important research area for global aging. OLG models like those 
which produced figures 18-22 assume perfect capital mobility. This is a reasonable assumption within 
the euro zone. However, capital flows elsewhere are probably overestimated because many important 
factors that drive international capital flows like capital market frictions, capital market risk, home bias, 
and differential capital income taxation are ignored. 
There has been no shortage of research on this issue since the famous puzzle of Feldstein and Horioka 
(1980).8  In their original contribution, Feldstein and Horioka have shown that national saving and in-
vestment rates are highly correlated in virtually all OECD countries. While the coefficient has fallen over 
time, it is still remarkably high. These findings have been interpreted as an indication that capital is imper-
fectly mobile. However, there is no lack of alternative explanations for the observed correlation (see e.g. 
Baxter and Crucini, 1993; Taylor, 1994; Obstfeld and Rogoff, 1996; Obstfeld and Rogoff, 2000).  
Even if capital is fully mobile, this does not necessarily imply that households do actually diversify their 
portfolios optimally. There is a large empirical literature on ‘home bias’ in international portfolio choice 
(e.g., French and Poterba, 1991), and it is not yet fully understood why households do not optimally 
diversify their portfolios across countries. Portes and Rey (1999) suggest that information asymmetries 
across countries are a major source of home bias effects and that capital flows are affected by both geo-
graphic and informational proximity. Applied to pension reform policies, this literature suggests that 
households might be more willing to invest their retirement savings in ‘similar’ countries such as the EU 
or OECD countries than in, say, developing countries.  
 
5.5 Feedback effects through corporate governance  
                                                               
8 See Obstfeld and Rogoff (1996) and Coakley, Kulasi, and Smith (1998) for recent surveys. 
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There are potentially important feedback effects of global aging on growth through capital market per-
formance. Population aging is precipitating pension reform and with it the nature of capital markets in con-
tinental Europe. It is forcing the younger generation to provide more retirement income through own pri-
vate saving. The markets for retirement savings are therefore growing in size, and active institutional 
investors are becoming more important as intermediaries. An important and still very controversial 
research question is to which extent population aging and pension reform, via a change in the savings be-
havior and portfolio composition of households, and via strengthening capital allocation and corporate 
governance through active institutional investors, are likely to have important and beneficial side effects on 
productivity and growth. 
This topic is controversial, not the least because it is still open which form of corporate governance works 
best in the long run. It is an important topic because improved corporate governance might offset some of 
the negative macroeconomic implications of aging. 
To see the strategic importance of this topic, it is helpful to start with three observations. France, Germany 
and Italy, the three largest economies in continental Europe, have large pay-as-you-go public pension sys-
tems which face severe problems due to population aging. At the very same time, these countries have thin 
capital markets. They are thin in the sense that only few households own and control productive capital 
(either directly or via investment and pension funds). French, German and Italian savers hold a consider-
able smaller share of stocks than households in the Netherlands, the United Kingdom and the United 
States. As a result, stock market capitalization is low in these three countries, and institutional investors 
such as pension funds play only a minor role in household saving, see table 1. 
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Table 1: Capital markets in countries with pay-as-you-go and funded pensions systems 
 Pay-as-you-go systems   Partially funded systems  
 Year France Germany Italy  Netherlands  UK US 
1995 32.6 23.9 19.3  72.1 121.6 95.2 
1998 68.1 50.9 47.5  153.5 168.2 144.9 
Stock market capitalization   
(% of GDP) a 
2000 111.8 67.6 72.3  174.3 183.8 153.3 
1995  77.7 45.3 32.0 154.5 164.0 151.9 Assets held by institutional 
investors (% of GDP) b 1998 107.3 66.1 79.6 
 
193.2 203.6 192 
Assets held by pension funds  
(% of total assets of institu-
tional investors) c 
1998 . 5 5  58 38 37 
1995 . 65.3 39.0 352.1 759.7 4,259.5 Assets held by pension funds 
(billion USD) a 1998 . 69.5 37.4 
 
323.0 1,136.5 7,161.6 
1995 1.8 5.6 0.8 35.5 22.3 23.4 Pension fund investment  
(% of household wealth) d 
2000 1.5 5.2 1.2 
 
37.7 22.1 23.8 
Sources: a) Deutsches Aktieninstitut (2002); b) OECD (2001); c) OECD (2000); d) Babeau and Sbano (2003). 
 
 
Second, France, Germany and Italy have, in comparison to the United States, poor capital performance as 
measured by aggregate capital productivity and various aggregate rates of return. While international com-
parisons of these statistics are not straightforward, the existing evidence summarized in table 2 yields a 
clear picture backed up by microeconomic evidence. Firms in France, Germany and Italy have substantially 
lower capital productivity and return on investment than U.S. companies achieve. Relative to the United 
States, financial underperformance is also correlated with lower levels of total factor productivity. Many 
authors claim that an important cause for this underperformance is weak corporate governance (see, e.g., 
Wenger and Kaserer, 1998; Börsch-Supan, 1998; Mueller and Yurtoglu, 2000). 
 
  45 
Table 2: Capital performance relative to the United States 
France Germany Italy 
  Aggregate return on investment a 77 61 50 
  Mean return on investment (firm sample) b 73 72 57 
  Market sector capital productivity c 72 67 . 
  Total factor productivity d 82 81 84 
Note: All figures are expressed as a percentage of the corresponding U.S. value. 
Sources: a) Mueller and Yurtoglu (2000), Table 2.  b) ditto, Table 4.  c) Börsch-Supan (1998), Table 3.  
d) Hall and Jones (1996), Table 9. 
 
 
The relationships between these three observations (large PAYG systems, thin capital markets, and low 
capital productivity) are not well understood. A clear line of argument can be developed along the following 
two steps. First, population aging will change households’ saving behavior because the internal rate of re-
turn generated by the pay-as-you-go pension systems will decrease, making own savings as a vehicle for 
retirement income both more necessary and attractive. In many countries, such as France, Italy, and Ger-
many, population aging makes fundamental reform of public pension systems a top priority, strengthening 
own savings for retirement. Even if no additional savings were created in the aggregate, a larger share of 
savings will be devoted to retirement and flow through traded shares and bonds, intermediated by institu-
tional investors. 
Second, the resulting larger share of intermediated capital will create thick-market externalities and there-
fore increase productivity and growth. We are not the first to argue that the development of financial mar-
kets is an important factor in explaining the sources of productivity and economic growth, but the link to 
pension systems and pension reform is much less developed.9  In addition, there is some preliminary micro-
economic evidence based on newly assembled firm data in Germany and Great Britain which shows that 
actively managed investment by institutional investors enhances corporate governance and through this 
                                                               
9 See Levine (1997) for an extensive review of this literature. Köke (2002) reviews the peculiarities of a bank-based 
system such as in Germany. Börsch-Supan, Köke and Winter (2004) provide a literature survey tailored to the link 
between pension reform and capital market performance. 
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channel increases productivity and growth (Köke and Rennerod, 2003; Börsch-Supan, Köke and Winter, 
2004). 
Research on these complex issues has not yet come far and enthusiasm for capital market related research 
has declined. The stock market crisis after the bubble burst and the ENRON scandal have cast grave 
doubts on capital market performance everywhere, including the United States. Moreover, evidence on 
firm performance in fundamentally different institutional settings is scarce, and establishing causality to 
explain observed differences is difficult. Nonetheless, capital markets will become ever more important as 
our populations age since capital has to substitute for increasingly scarce labor. Moreover, differential capi-
tal performance has important implications for global capital movements and the ability to cope with global 
aging. 
5. Summary and Conclusions 
Global aging will affect labor, product and capital markets in fundamental ways which will change the 
growth path of GDP and the wealth of nations. We understand the basic mechanisms behind these 
changes, are able to trace some of the complex feedback effects in general equilibrium, and have some 
rough ideas of the magnitudes involved. There is, however, as this paper has shown, still ample room to 
improve our current knowledge about feedback effects and to generate more precise quantifications. 
Public policy can influence these labor, product and capital market changes essentially only on a micro-
economic level – most directly by adapting the labor market to a situation in which labor is becoming 
increasingly scarce which slows down the economy. The main policy tools in order to utilize labor re-
serves are retirement and education policies. 
Capital markets can diversify the risks generated by labor scarcity. They are therefore strategic markets 
in a globally aging world. The supply of capital is directly influenced by pension policies that foster sav-
ings. However, we do not fully understand the interactions between pension policy and economic 
growth. Policies such as prefunding and privatization appear to have significant side effects on the growth 
rate which are particularly welcome in times of global aging. 
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The international transmission mechanisms that generate the helpful effects of diversification do not work 
smoothly. Understanding the frictions to the free flow of capital, the sources of instability in global finan-
cial markets, and the kind of policies that are appropriate to reduce frictions and instability, is an impor-
tant and highly policy relevant research area for global aging.
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